Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) remains one of the most common malignancies and becomes the third leading cause of cancer-associated deaths worldwide.[@CIT0001],[@CIT0002] Its prognosis has gradually improved due to advancements in surgery and adjuvant chemotherapy. However, a portion of the patients still die of this disease. Hence, there is a need for biomarkers to predict which patients are at risk of disease recurrence. This would help to direct adjuvant treatments to those patients that gain benefit from them and protect the low-risk patients from the side effects of therapy.

Protein Phosphatase Methyl-Esterase-1 (PME-1) is a protein phosphatase 2A (PP2A) specific methylesterase that binds to the active site of PP2A and resulting in both the demethylation and inactivation of PP2A.[@CIT0003],[@CIT0004] PME-1 impairs poly-ubiquitination of PP2Ac and prolongs the half-life of PP2Ac protein resulting in increased PP2Ac levels.[@CIT0005] The latest reports suggest that PME-1 level is up-regulated in both progressive supranuclear palsy and Alzheimer\'s disease brains compared to controls.[@CIT0006] Some researches also reveal that PME-1 is critical for regulating mitotic spindle size and thereby promotes cell division,[@CIT0007] glucose uptake in skeletal muscle cells,[@CIT0008] as well as differentiation of neuroblastoma cells.[@CIT0009] What is more, PME-1 expression has been studied in a limited number of human neoplasms, such as astrocytic gliomas, endometrial, lung, gastric and colorectal cancer. PME-1 mediated inhibition of the PP2A increases the basal extracellular signal-regulated kinase (ERK) pathway activity and promotes malignant cell growth of human glioblastoma cells.[@CIT0010] Puustinen P et al also find that PME-1 expression significantly correlates with disease progression in human astrocytic gliomas. Moreover, PME-1 immuno-positivity has been strongly correlated with an increased Ki-67 proliferation index in tumor samples.[@CIT0011] PME-1 expression forces progression of low-grade astrocytic gliomas to malignant glioblastomas.[@CIT0009] Elevated amounts of PME-1 have been found in clinical specimens of endometrial adenocarcinoma, which are linked to the increased cell proliferation ability and invasive phenotypes in endometrial adenocarcinoma cells.[@CIT0012] Additionally, a small fraction of the gastric and lung cancer patients shows PME-1 gene amplification (3.8% and 3.1%, respectively), which also corresponds to activation of ERK, AKT signaling and a significant promotion of cell proliferation and inhibition of cell apoptosis.[@CIT0013] Furthermore, the depletion of PME-1 decreased the migration and invasion of choriocarcinoma cells.[@CIT0014] Contrary to the above cancer types, PME-1 expression predicts a favorable outcome of colorectal cancer patients.[@CIT0015]

These previous studies have highlighted the potential oncogenic role of PME-1 in these malignant neoplasms. However, whether the oncogenic function of PME-1 can be generalized to various human cancer types is as yet unclear. Also, these studies so far have failed to identify any correlation between PME-1 expression and the patients' survival in HCC. Since approximately 841,000 new cases of liver cancer and 782,000 mortalities worldwide, among which 50% of the total number of new cases and deaths in China,[@CIT0016]--[@CIT0018] we urgently asked whether PME-1 plays a role in HCC progression.

In this study, we reported the immunohistochemical analysis of PME-1 protein expression in the tumor materials of HCC patients' cohort and its correlation to the clinicopathological parameters as well as patients' survival. Similarly, in accordance to its previously shown oncogenic role in other malignancies, we showed that high expression of PME-1 correlated with worse clinical outcomes in HCC.

Materials and Methods {#S0002}
=====================

Tissue Specimens {#S0002-S2001}
----------------

A total of 95 cases of formalin-fixed paraffin-embedded HCC and matched non-tumor tissuses were collected in the pathology department at Hubei Cancer Hospital (Wuhan, China) from January 2013 to December 2015. Patients did not receive radiotherapy or chemotherapy at the time of original biopsy. The clinicopathological information was collected from the medical records of patients, including age, gender, histopathological classification, tumor size, recurrence status, and so on. The overall survival time was calculated from the date of the first diagnosis until the last follow up or the death of the patients, with the maximum follow-up time being 60 months. The study was carried out in line with the World Medical Association Declaration of Helsinki and approved by the Ethics Committee of the hospital. Written informed consent was provided by all the participants.

Immunohistochemistry (IHC) {#S0002-S2002}
--------------------------

The IHC staining was performed by EliVision^TM^plus Kit (KIT-9902, Maixin, Fuzhou, China) on 3‐μm tissue sections. As previously described,[@CIT0019] tissue was fixed with 10% formalin and embedded in paraffin then cut into 3 µm sections for immunohistochemical staining. Sections were deparaffinating, rehydrated, citrate mediated high temperature and pressure antigen retrieval was performed for 5 min. 0.3% H~2~O~2~ was applied for 20 min at room temperature to block endogenous peroxidase activity. The sections were stained with anti-PME-1 (1:200, sc-25278, Santa Cruz Biotechnology, Inc.) at 4°C overnight. After incubation with secondary antibody, the visualisation signal was obtained with 3,3ʹ‐diaminobenzidine tetrachloride, followed by counterstaining with Mayer's hematoxylin. Finally, the sections were dehydrated through graded alcohols and cleared in xylene prior to slide mounting.

IHC Evaluation {#S0002-S2003}
--------------

The evaluation was based on the proportion score and the intensity score of positively stained tumor cells.[@CIT0020] In short, immunohistochemical staining was evaluated independently by two clinical pathologists, who were blinded to the clinicopathological data at ×200 magnification light microscopy. Any inconsistencies in the immunostained section scores were re-evaluated by a third pathologist to obtain a final result. A semiquantitative evaluation of PME-1 protein expression was performed as follows: staining intensity for the protein was scored as 0 (negative), 1 (weak), 2 (moderate) and 3 (strong) (Seen in [Figure 1](#F0001){ref-type="fig"}). Then, the staining proportion was scored as 0 (0%), 1 (1--25%), 2 (26--50%), 3 (51--75%) and 4 (76--100%). Finally, the intensity and proportion scores were multiplied to obtain a total score for each sample. Based on the previously published IHC evaluation approach,[@CIT0021] scores for 6 or higher were considered to represent high PME-1 expression and those of 4 or lower to indicate low PME-1 expression.Figure 1Representative IHC staining of PME-1 in HCC. Representative images of PME-1 immunohistochemical staining from HCC patient samples used for correlation analysis. (**A**) Negative, (**B**) weak, (**C**) moderate, (**D**), strong. Scale bars = 50 μm.

Real-Time Polymerase Chain Reaction (PCR) {#S0002-S2004}
-----------------------------------------

Total RNA was extracted from paraffin-embedded tissue using the RNeasy FFPE Kit (Qiagen, Valencia, CA, USA), according to the manufacturer's instructions. After reverse transcription of total RNA, real-time PCR was performed to examine the expression levels of PME-1 mRNA using SYBR Green PCR Master mix (Takara Biotechnology, Ltd.) on a real-time PCR instrument (Bio-Rad, Carlsbad, CA, USA). The following primer sequences were used: PME-1, forward: 5′-GGACCTTCCTCCTCCAATTATG-3′, reverse: 5′-ATCATGCACAGACCCAAGAG-3′; GAPDH, forward: 5′-CTTTGGTATCGTGGAAGGACTC-3′, reverse: 5′-AGTAGA GGCAGGGATGATGT-3′. The expression of PME-1 was calculated using the standard curve method normalised to GAPDH. Each experiment was performed in duplicate, and the mean was adopted as the value in each experiment.

Statistical Analysis {#S0002-S2005}
--------------------

Statistical analyses were performed by Chi-square test, Mann--Whitney test, multivariate Cox regression analysis and Kaplan--Meier analysis using SPSS version 21.0 for Windows (Chicago, IL, USA) and GraphPad Prism 5 (La Jolla, CA, USA). Chi-square test was adopted to find out the correlation of PME-1 protein expressions with clinicopathological parameters. The Mann--Whitney test was used to compare the difference of PME-1 protein and mRNA expression between HCC cancer and noncancer tissues. Cox logistic regression analysis was applied to evaluate the independent influence of various clinicopathological factors on survival. Kaplan--Meier survival analysis was used to analyze the effect of the marker on survival with the Log-rank test. All statistical tests were two-tailed. Differences at P \< 0.05 were considered to be significant.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

A total of ninety-five HCC patients were included in our present study. All of the patient's characteristics are summarized in [Table 1](#T0001){ref-type="table"}: seventy-five (78.9%) males and twenty (21.1%) females with the mean age of forty-nine years (range, 20--79 years). There were fifty-three (55.8%) patients whose tumor size was more than 5 centimeter; fifty-five (57.9%) patients were poor differentiation depend on the pathologist diagnosis, and forty-four (46.3%) of the patients presented with multifocal tumors. A total of fifty-seven (60.0%) patients were with intra or extra-hepatic metastasis and thirty-seven (38.9%) patients with liver cirrhosis. Thirty-eight (40.0%) and fifty-two (54.7%) patient serum α-﻿fetoprotein (AFP) and Hepatitis B virus (HBV) level was more than 200 ng/mL and 1000 IU/mL, respectively. In addition, forty-one (43.2%) patients died and forty-seven (49.5%) developed recurrence.Table 1Patient CharacteristicsCharacteristicsNumber%Total95100Mean age (y)49 (20--79)Gender Male7578.9 Female2021.1Tumor Size \>5cm5355.8 ≤5cm4244.2Differentiation Poor5557.9 Well4042.1Tumor Number Multiple4446.3 Single5153.7Metastasis Yes5760.0 No3840.0Liver Cirrhosis Status Present3738.9 Absent5861.1Serum AFP Level \>200ng/mL3840.0 ≤200ng/mL5760.0Serum HBV Level \>1000IU/mL5254.7 ≤1000IU/mL4345.3Recurrence Yes4749.5 No4850.5

Elevated Expression of PME-1 in HCC Tissues {#S0003-S2002}
-------------------------------------------

Former studies revealed that PME-1 might have different roles and expression patterns in some cancers. However, the biological function and expression pattern of PME-1 in HCC was still unknown. Thus, IHC assay was carried out in paraffin-embedded HCC cancer tissues and paired adjacent noncancerous tissues. As shown in [Figure 2A](#F0002){ref-type="fig"}, the staining of PME-1 protein was predominantly identified in the cell cytoplasm of HCC cancer cells 84.2% (80 of 95). In contrast, PME-1 staining was found in only a few cases of the corresponding normal tissues 30.5% (29 of 95) (P \< 0.001, [Table 2](#T0002){ref-type="table"}). Moreover, the immunohistochemical score of PME-1 in tumor tissues was 5.93 ± 3.87, which was significantly higher than that in the corresponding normal tissues (0.94 ± 1.81, P \< 0.001, seen in [Figure 2B](#F0002){ref-type="fig"}). In addition, Real-time PCR also got a similar result that PME-1 mRNA expression level was higher in HCC tissues compared with normal tissues ([Figure 2C](#F0002){ref-type="fig"}).Figure 2Comparison of PME-1 expression between HCC tissues and paired adjacent noncancerous liver tissue. (**A**) The representative expression patterns of PME-1 in four cases. Scale bars = 50μm. (**B**) PME-1 protein expression in HCC was significantly higher than that in normal liver tissues (P \< 0.0001). (**C**) PME-1 mRNA expression level was relatively higher in HCC compared with that in normal liver tissues (P \< 0.0001). Data were analyzed with 2-related samples Wilcoxon test.**Abbreviations:** ANT, ﻿adjacent noncancerous tissue; T, ﻿cancer tissues.Table 2Positive Rate of PME-1 Expression among HCC Cancer Tissues and Paired Adjacent Noncancerous TissuesPME-1 ExpressionPositive RateP valuePositiveNegativeT801584.2%\<0.001\*ANT296630.5%[^1]

Correlations Between PME-1 Expression and Clinicopathological Parameters of HCC {#S0003-S2003}
-------------------------------------------------------------------------------

To investigate the clinicopathological significance of PME-1 in HCC, we analyzed the potential correlations between PME-1 expression and the clinicopathological characteristics of patients with HCC. As shown in [Table 3](#T0003){ref-type="table"}, the rate of high PME-1 expression was higher in patients with poor differentiation (36/55; 65.5%) than those with well-differentiated tumors (18/40; 45.0%) (P = 0.047). The rate of high PME-1 expression was higher in patients with multiple tumors (33/44; 75.0%) compared with that with a single tumor (21/51; 41.2%) (P = 0.001). In addition, the patients with intrahepatic or extrahepatic metastasis (38/57; 66.7%) have significantly higher expression levels of PME-1 than patients without metastasis (16/38; 42.1%) (P = 0.018). Moreover, analysis of the association between PME-1 expression in cancer tissues and patients' recurrence, we found that PME-1 expression was significantly associated with recurrence (P = 0.001). However, the expression level of PME-1 had no statistically significant association with other parameters, including gender, age, tumor size, liver cirrhosis status, serum AFP and HBV level (P \> 0.05 for each). These results identified that PME-1 expression may play a critical role in the progression of HCC.Table 3Correlations Between PME-1 Expression and the Clinicopathological Characteristics of Patients with HCCCharacteristicsPME-1 HighPME-1 Lowχ^2^P valueGender Male39363.4050.065 Female155Age \>49y32210.6110.435 ≤49y2220Tumor Size \>5cm34192.6100.106 ≤5cm2022Differentiation Poor36193.9500.047\* Well1822Tumor Number Multiple331111.0160.001\* Single2130Metastasis Yes38195.6070.018\* No1622Liver Cirrhosis Status Present24131.5900.207 Absent3028Serum AFP Level \>200ng/mL25132.0670.151 ≤200ng/mL2928Serum HBV Level \>1000IU/mL31210.3600.548 ≤1000IU/mL2320Recurrence Yes351211.7800.001\* No1929[^2]

PME-1 Overexpression Was Associated with Poor Survival in HCC {#S0003-S2004}
-------------------------------------------------------------

To further evaluate the relationship between PME-1 expression and prognosis of HCC patients, we used Kaplan--Meier curves and Log-rank test to analyze the survival data based on follow-up. HCC patients with complete follow-up information (n = 95) were classified into the PME-1 low (n = 41) and PME-1 high groups (n = 54) according to the IHC score of PME-1 expression. As shown in [Figure 3](#F0003){ref-type="fig"}, we discovered that the survival curve was significantly better for patients with PME-1 lower than those with PME-1 higher expression by Kaplan--Meier method with the Log rank test (P \< 0.001). Univariate analysis with Log-rank tests revealed that PME-1 expression status, recurrence, serum HBV level, metastasis, tumor number, tumor size and differentiation were significantly correlated with overall survival ([Table 4](#T0004){ref-type="table"}). Furthermore, multivariate models with Cox proportional hazards analysis showed that high PME-1 expression was a statistically independent predictive factor of worse prognosis in HCC patients (Hazard ratio, 3.429; 95% confidence interval, 1.369--8.589; P = 0.009; [Table 5](#T0005){ref-type="table"}).Figure 3PME-1 expression was correlated with poor survival. Kaplan--Meier analysis and Log rank test showed that patients with high expression of PME-1 had a shorter survival time than that with low PME-1 expression (P \< 0.001).Table 4Univariate Log Rank AnalysesParametersCategoryNo. of CasesOverall SurvivalNo. of EventsP-valueAgeMale75330.748Female208Gender\>49y53220.719≤49y4219Tumor size\>5cm53290.005\*≤5cm4212DifferentiationPoor55300.004\*Well4011Tumor numberMultiple4430\<0.001\*Single5111MetastasisYes5736\<0.001\*No385Liver cirrhosis statusPresent37160.858Absent5825Serum AFP level\>200ng/mL38170.459≤200ng/mL5724Serum HBV level\>1000IU/mL52300.001\*≤1000IU/mL4311RecurrenceYes4733\<0.001\*No488PME-1 expression levelHigh expression5434\<0.001\*Low expression417[^3]Table 5Multivariate Survival AnalysesVariablesP valueHR95% CILowerUpperAge0.8301.0740.5592.064Gender0.9601.0230.4162.515Tumor size0.6441.1960.5592.562Differentiation0.4461.3970.5913.301Tumor number0.7321.2090.4093.575Metastasis0.004\*5.1711.69115.815Liver cirrhosis status0.5041.2670.6322.539Serum AFP level0.6041.2290.5632.685Serum HBV level0.0622.0840.9654.500Recurrence0.021\*3.8211.21911.977PME-1 expression level0.009\*3.4291.3698.589[^4]

Discussion {#S0004}
==========

Although many advances in treatment strategies for HCC have been explored, the overall survival of these patients has not been dramatically improved.[@CIT0022] Thus, novel biomarkers that can be used to predict the prognosis of these patients remain urgently needed.

The abnormal expression of PME-1, which has a close association with the development, progression, metastasis, and prognosis of some cancer, has been frequently reported. However, both PME-1 expression and its association with clinicopathological factors and the 5-year survival rate have not been defined in HCC. In the current study, we found that high expression of PME-1 was significantly associated with lymph node metastasis and recurrence. Previous work has demonstrated that PME-1 enhanced the migration and invasion ability of choriocarcinoma cells.[@CIT0014] However, invasion-related research is unavailable, although the expression of PME-1 was reported to correlate with the progression of human astrocytic glioma.[@CIT0011] Existing data indicate that ERK and glycogen synthase kinase-3β (GSK-3β) are possible pathways involved in PME-1.[@CIT0023] However, no direct evidence supports the role of PME-1 in tumor cell migration and invasion. Given the versatility of the critical role of ERK and GSK-3β pathway in HCC tumorigenesis,[@CIT0024],[@CIT0025] we speculate that the tumor promotor role of PME-1 in HCC can be ascribed to this mechanism, and more studies are necessary to clarify this speculation in the future work.

Although there has been an agreement that PME-1 functions as a tumor promoter in various cancers, including glioma,[@CIT0011],[@CIT0026] endometrial cancer,[@CIT0012] choriocarcinoma,[@CIT0014] gastric and lung cancer,[@CIT0013] the opposite phenomenon was also reported in colorectal cancer.[@CIT0015] The discrepancies may due to differences in the cancer types involved in the studies. Therefore, to unequivocally illustrate the specific role of PME-1 in HCC, we think it is more appropriate to directly investigate the prognostic value of PME-1 expression in patients with HCC. Consequently, in our study, Cox proportional hazard regression model was used to analyze predictors of HCC. Our results clearly showed that the survival rate of patients with HCC having higher PME-1 expression was significantly shorter than those with lower PME-1 expression. Overall, the unexpected role for PME-1 in colorectal cancer is intriguing and calls for a careful examination of cancer-specific function for PME-1 when considering its role as biomarkers and potential targets for future cancer therapies. To the best of our knowledge, this is the first study analyzing the prognostic value of the PME-1 expression in HCC. Together with other studies of PME-1, our study provided insight into the role of PME-1 expression in various cancer types. However, as we did not explore the underlying mechanism of the function of PME-1 in HCC, future in vitro and in vivo experiments are needed to investigate the mechanism in depth.

In this study, we also found that PME-1 protein and mRNA were up-regulated in HCC tissues compared to adjacent non-tumor tissues. A previous study demonstrates that deubiquitinating enzyme USP36 binds to and regulates PME-1 through its deubiquitinating enzyme activity.[@CIT0027] Analysis of USP36 protein expression in clinical specimens from the Human Protein Atlas ([[www.proteinatlas.org](http://www.proteinatlas.org)]{.ul}) showed that USP36 is a high expression in HCC. Hence, we speculate that the up-regulation of PME-1 in HCC may be due to USP36, which need further verified.

In conclusion, we found that PME-1 protein and mRNA were abnormal high expresses in HCC, which was associated with the differentiation, tumor number, intrahepatic or extrahepatic metastasis and recurrence. Survival analysis showed that higher expression of PME-1 was significantly associated with poor survival in patients with HCC.
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[^1]: **Note:** \*P\<0.05.

    **Abbreviations:** T, cancer tissues; ANT, adjacent noncancerous tissues; HCC, ﻿hepatocellular carcinoma.

[^2]: **Note:** \*P\<0.05.

    **Abbreviations:** HCC, hepatocellular carcinoma; HBV, ﻿hepatitis B virus; AFP, α-﻿fetoprotein.

[^3]: **Note:** \*P\<0.05.

    **Abbreviations:** AFP, α-fetoprotein; HBV, ﻿hepatitis B virus.

[^4]: **Note:** \*P\<0.05.

    **Abbreviations:** HCC, ﻿hepatocellular carcinoma; HR, hazard ratio; CI, ﻿confidence interval; AFP, α-fetoprotein; HBV, hepatitis B virus.
